Yeast forms of Paracoccidioides brasiliensis grown in liquid medium produced exocellular components.
Paracoccidioides brasiliensis is a dimorphic human pathogen, the agent of paracoccidioidomycosis (PCM), the prevalent systemic mycosis in many Latin American countries, and especially in Brazil. Fungal cultures in the mycelial phase develop at room temperature, whereas the yeast phase is formed at 35 to 37°C or in infected tissues. Diagnosis of this infection is made by direct microscopic examination of specimens or by culturing the fungus. The diagnosis is confirmed by immunological methods, which are also helpful in determining the evolution of the disease. P. brasiliensis antigens derived from culture filtrates or whole yeast cells have been successfully used. The quality of the different antigen preparations differs, depending on the culture medium, fungal strain, size of inoculum, incubation time, etc. Very often, selected protocols are not reproducible, and the antigenic activity is not detected by conventional methods. Recently, Restrepo et al. (27) (32, 33) . Two components with cathodic * Corresponding author. migration, El and E2, were separated by immunoelectrophoresis; the former had an activity of alkaline phosphatase, and the latter was the specific diagnostic antigen. A hyperimmune serum was raised against the E2 antigen and, subsequently, the specific antigen was isolated by affinity chromatography with immobilized monospecific antibodies (33) . A further characterization of this antigen was not, however, carried out.
Other immunological tests have been recently introduced for the diagnosis of PCM. Camargo et al. (4) used a magnetic enzyme-linked immunosorbent assay in which the Fe3O4-magnetized polyacrylamide-agarose beads were activated by concanavalin A (Con A), which in turn was bound to a specific somatic antigen. This was a clear indication of the glycopeptide nature of the P. brasiliensis main antigen. Glycopeptides reactive in skin tests containing galactose, arabinose, glucose, and glucosamine units, have also been encountered in culture filtrates of P. brasiliensis (28) .
In the present work we determined the partial structures of some exocellular glycoconjugates of P. brasiliensis and further defined the nature and reactivity of a specific diagnostic antigen.
MATERIALS AND METHODS
Microorganisms. P. brasiliensis B339 was provided by A. Restrepo-Moreno, Medellin, Colombia. Candida albicans serotype A, used for serum absorption, was provided by C. S. Lacaz, University of Sao Paulo, Sao Paulo, Brazil.
The fungus was maintained by subculturing on Sabouraud agar medium both at room temperature and at 35°C. Mycelial cultures were transferred every 3 weeks, whereas yeast cultures were subcultured every week. C. albicans cells used for serum absorption were from 4-day cultures grown in liquid Sabouraud medium with shaking. They were killed with merthiolate (0.2 g/liter) and washed four times with phosphate-buffered saline (PBS).
Preparation of crude antigens. P. brasiliensis cells from Sabouraud slants were grown in 50 ml of Negroni medium (23) for 7 days at 35°C with shaking. These cultures served as inocula for the final 300-ml cultures which were incubated at 35°C for 15 to 40 days, depending on the intensity of growth.
The supernatants of 650-ml to 1-liter cultures killed with merthiolate (0.2 g/liter) were collected following paper filtration, concentrated in vacuo at 45 to 50°C, dialyzed exhaustively against distilled water, and lyophilized. Solutions (200 mg/ml) in PBS (0.01 M potassium phosphate buffer, 0.85% NaCl [pH 7] ) of the crude antigen were tested by immunodiffusion with sera from patients having PCM. All further steps used to isolate antigenic components were monitored by immunodiffusion tests with sera from patients. A modification of the method of Ouchterlony (25) Fractionation of antigenic components. Solutions of lyophilized crude antigens (200 to 300 mg in 2 ml of PBS) were passed through Bio-Gel P30 columns (100 to 200 mesh, 47 by 2.6 cm; Bio-Rad Laboratories) at a flow rate of 3.0 to 3.5 ml/cm2 per h at room temperature. Fractions (2.5 ml) eluted in PBS were analyzed for A280 and total carbohydrate content. Pools of fractions corresponding to different elution peaks were dialyzed against distilled water, lyophilized, and tested by immunodiffusion with sera from the patients. Columns (3 to 5 ml) of Sepharose-Con A (Pharmacia Fine Chemicals), equilibrated with 10 mM Tris hydrochloride (pH 7.1)-0.5 M NaCl (TNC buffer), were loaded with 50 to 100 mg of the Bio-Gel P30 excluded fraction per ml (FI pool). Columns were washed with approximately 4 bed volumes of TNC buffer and eluted with 0.5 M methyl ot-D-mannopyranoside or 0.7 M glucose in TNC. Fractions (1 ml) were analyzed for A280 and for nondialyzable carbohydrate. The bound (fCon A) and unbound (EF) components were dialyzed, lyophilized, and tested for antigenic activity.
Electrophoresis of glycoproteins. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was carried out by the method of Laemmli (20) . Glycoproteins were stained with Coomassie brilliant blue, silver nitrate, or periodic acid-Schiff. Protein standards of molecular weight (MW) 67,000, 43,000, and 24,500 were used. Glycoconjugates were labeled with periodate-NaB3H4 by the method of Lenten and Ashwell (21) . Transfer of components from SDS-PAGE gels to nitrocellulose paper and their immunological identification (immunoblotting) was carried out as described previously (30) .
Chemical analyses. Total carbohydrate was determined by the phenol-sulfuric acid method (6) . Carbohydratecontaining materials were hydrolyzed in 3 N trifluoroacetic acid at 100°C for 3 h. Individual sugars were determined by gas-liquid chromatography of their alditol acetates, as described previously (29) . Methylation-fragmentation analysis was carried out by successive Haworth (14) 1311-labeling and glycoprotein immunoprecipitation. Purified and partially purified antigens were labeled with 0.5 to 1 mCi of 131I (as Nal) in 50 mM phosphate buffer (pH 7.4) by either the chloramine T method (13) or insoluble 1,3,4,6-tetrachloro-3oc,6ox-diphenylglycoluril (7) . Labeled proteins were isolated by exclusion from a Bio-Gel P30 column (0.8 by 20 cm) equilibrated and eluted with 50 mM phosphate buffer containing 0.05% bovine serum albumin (pH 7.4). The radioactivity of fractions was measured in a Beckman Bio Gamma Counter. Labeled proteins were used for immunoprecipitation with normal human and PCM sera, sera from patients having other mycoses, and hyperimmune rabbit sera. Undiluted sera (2.5, 5, or 25 lI) were used. Tubes were incubated at room temperature for 1 h and then at 4°C overnight. Immunocomplexes were precipitated at room temperature with a 10% suspension of Staphylococcus aureus (18) . Pellets obtained by centrifugation were washed with 0.05% Nonidet P-40 and then with PBS (pH 7); they were then suspended in SDS-sample buffer and boiled for 3 min, and the resulting extracts were analyzed by SDS-PAGE. Gels were revealed by autoradiography.
Isoelectric focusing. An adaptation of the technique of O'Farrell (24) for bidimensional gels was used for isoelectric focusing. Briefly, the first dimension was run in 4% acrylamide gel rods containing 9 M urea and 5% (vol/vol) ampholines (pH 3.5 to 10). Gels were equilibrated at 550 V for 1 h after being loaded with sample buffer (9.5 M urea, 2% Nonidet P-40, 2% ampholines [pH 3.5 to 101, 5% 2-mercaptoethanol). Electrophoresis of the purified antigen was carried out at 400 V for 22 h; the cathode and anode solutions were, respectively, degassed NaOH (0.016 M) and H3PO4 (0.014 M). The gel rod was soaked in SDS-sample buffer for 30 min at room temperature and electrophoresed on a slab gel containing SDS (second dimension). Components were detected by silver nitrate staining. A reference gel rod was cut into 0.5-cm slices, and these were eluted with 10 mM KCl for 3 h to determine the pH gradient.
Sera. PCM sera were from Hospital Sao Paulo patients with mycologically diagnosed PCM; aspergillosis antiserum was provided by W. Sassine; antisera to histoplasmosis and Lobo mycosis were provided by C. Rodrigues and R. G. Baruzzi; the hyperimmune rabbit anti-E antiserum and a hyperimmune anti-P. brasiliensis rabbit antiserum were gifts of M. J. Gianini and Z. P. Camargo, respectively. Antisera to other mycoses (systemic candidiasis, chromoblastomycosis, and sporotrichosis) were also from Hospital Sao Paulo patients.
RESULTS
Gel filtration of crude antigen. The elution profile of a crude antigenic preparation from a Bio-Gel P30 column is shown in Fig. 1 . The antigenic activity was entirely concentrated in the pool I fractions (FI). The FT fractions corresponded to the first carbohydrate peak and part of a broad peak of components absorbing at 280 nm. As shown by the immunodiffusion (ID) test (Fig. 1 inset) , FI gave a precipitin line of comparable intensity, which was continuous with that formed by the crude antigen. Components of pools FII and FIII ( Fig. 1 legend) were unreactive with serum from the same patient. In FT, the protein/total carbohydrate ratio was 1:1, whereas that in the crude antigen was 2:1. The number of precipitin lines in ID tests with crude antigens and FI with PCM sera varied from one to three, depending on the batch of crude antigen and the PCM serum used.
Purification of FT in Sepharose-Con A. Some components of the carbohydrate-rich Fl, absorbing at 280 nm, were bound to the immobilized lectin and could be eluted with 0.5 M methyl cX-D-mannopyranoside or 0.7 M glucose. Only the components of the bound fraction fCon A contained antigens reacting with PCM sera at 20 mg/ml. The unbound fraction EF gave no precipitin lines, even at high concentrations. The total carbohydrate/protein ratios in fCon As derived from different batches of crude antigen ranged from 2.5 to 3.8.
Partially purified antigenic fractions (fCon A) were analyzed by SDS-PAGE. Different components were detected by Coomassie brilliant blue or silver nitrate staining. Antigenic preparations derived from cultures after different incubation times usually differed in their sets of predominant components. Two of these preparations are shown in Fig. 2  (inset) (Fig. 4) . 5 sis. No immunoprecipitation by PCM sera of "3'I-labeled components unbound to Con A was obtained.
The specific immunoprecipitation of gp43 was confirmed by Western blotting with a PCM serum. An fCon A containing the high-MW glycoconjugate as well as gp43, gp55, and gp72, as detected by SDS-PAGE and silver nitrate and Coomassie brilliant blue staining, had its constituents transferred to nitrocellulose paper, revealed by Ponceau S. Only the gp43 reacted strongly with the PCM serum. The high-MW component and the gp72 were weakly labeled by the peroxidase reagent. No reaction with normal human serum was observed.
Purification of gp43 by gel filtration and affinity chromatography. A mixed sample (12 mg) of fCon A fractions originating from different batches of crude antigen was applied to a Sephadex G150 column, and the fractions collected were lyophilized and analyzed by SDS-PAGE. A silver nitratestained gel obtained by using various fractions collected in sequence is shown in Fig. 5 . gp43 could be isolated free from other contaminants in fractions 23 and 24, but in very small amounts only. These fractions were then radiolabeled and used in immunoprecipitations with several PCM and normal human sera.
Relatively larger amounts of purified gp43 were obtained by affinity chromatography on Sepharose-IgG. Here, patient serum unreactive with the high-MW component was used. An Fl fraction was chromatographed on Sepharose-IgG, and the gp43 was eluted (553 ,ug of protein) in a homogeneous form with 50 mM sodium citrate (pH 2.8) (Fig. 6) . The gp43 purified on Sepharose-IgG was radioiodinated and tested for specificity with various undiluted antisera. Typical results are shown in Fig. 7 . All PCM sera and the rabbit anti-E and MW (Kd) . anti-P. brasiliensis antisera reacted strongly with 1311-labeled gp43, whereas sera from patients with aspergillosis, systemic candidiasis, chromoblastomycosis, and sporotrichosis were unreactive. Some undiluted sera from patients with histoplasmosis and Lobo mycosis were weakly positive. At 10-3 dilution, all sera from patients with mycoses other than PCM were negative when tested against gp43. One PCM serum (PC1) was reactive even at a 6.4 x 10-4 dilution. Undiluted hyperimmune anti-Histoplasma capsulatum rabbit antiserum did not precipitate the 131I-labeled gp43.
Fractions 13 and 18 of the Sephadex G150 gel filtration (Fig. 5, lanes 1 and 6) , which were enriched in terms of the high-MW component and gp55 respectively, were negative in ID tests with a PCM serum that would otherwise precipitate the crude antigen and a concentrated Sepharose-IgGpurified gp43.
Isoelectric focusing of gp43. By isoelectric focusing the gp43 was shown to be composed of three glycoproteins of pI 6.7, 6.4, and 6. Mycol., abstr. no. P3-38) suggested that a nonglycosylated cytoplasmic antigen might be glycosylated for transport outside the yeast cell, being thereafter partially hydrolyzed by fungal proteases. The presence of such proteases could explain the lack of reproducibility of some batches of crude antigen in relation to the expression of one particular component. In our experience, the minor glycoproteins of MW 66,000 and 72,000 were irregularly expressed. More conspicuous were the two glycoproteins of MW 55,000 and 43,000 and a high-MW glycoconjugate complex which migrated diffusely on SDS-PAGE. The presence of peptides in the complex is suggested by 13"I-labeling of tyrosine residues and staining with Coomassie brilliant blue and silver nitrate. The inclusion of a polysaccharide migrating slowly on SDS-PAGE was shown in one fCon A preparation in which this polymer was predominant. The resulting eluate was a galactomannan, which differed from the polysaccharide described in the mycelial phase by Azuma et al. Mannans with a and 1-anomers of D-mannopyranose in the same polymer have already been described in yeasts (9) .
No reactivity of the high-MW complex with patient sera was detected by ID tests. After the high-MW glycoconjugate was labeled with 1311, however, immunoprecipitations could be obtained with PCM sera, but also with some normal human sera.
gp55, also a common constituent of the fCon A fractions, was not immunogenic in humans. This glycoprotein had a carbohydrate structure more complex than that of the galactomannan, as shown by methylation data and the 13C-NMR spectrum. The optical rotation of +14°suggests that several units, probably including the D-galactopyranosyl and D-galactofuranosyl units, are in the P configuration.
Signals at bc 105.0 and 106.8 in the NMR spectrum are consistent with this assertion. An NMR signal atbc 106.5 is characteristic of the structure (C-1 of Galf): ,B-D-Galf-(1-+3)-a-D-Manp, as has been described for Trypanosoma cruzi (10) and Dactylium dendroides (17) polysaccharides. For gp55, this structure is not supported by the methylation data, since no detectable 3-0 and 3,6-di-O-substitutedCa-D-mannopyranosyl units were obtained. The presence of fucose in gp55 is confirmed by the NMR signal atbc 17.1, characteristic of the methylpentose. The high-MW glycoconjugate and gp55, with less intensity, were labeled by metaperiodate and NaB3H4. Such labeling could be due partly to the presence of galactofuranosyl units, but the presence of sialic acid residues in these structures should be further investigated.
The specific P. brasiliensis antigen (gp43) could not, so far, be obtained in sufficient amounts for further chemical analysis. It can, however, be defined as a glycoprotein of 43,000 MW which is labeled by 311I, binds to Con A, and reacts with all PCM sera both in sensitive (radioimmunoprecipitation) and less sensitive (ID) tests. This glycoprotein was resolved into three components of distinct but close pIs, which were coisolated by affinity chromatography on immobilized IgG from patient serum. gp43 has the same migration in immunoelectrophoresis as the band E antigen of Yarzabal (31) and is immunoprecipitated by antibodies monospecific for the E antigen. It is therefore a specific P. brasiliensis antigen. Campo-Aasen et al. (5) were able to monitor the synthesis of the P. brasiliensis band E antigen by using a monospecific serum. It is conceivable that precursors of gp43 are present in cell extracts and are responsible for some reactions with somatic antigens. A P. brasiliensis-specific somatic antigen also bound to Con Acoated magnetic polyacrylamide agarose beads (4) .
It is not known whether the gp43 is only a specific diagnostic reagent or play a role in the infection by this fungus. Of potential interest are the nonimmunogenic gp55 and the high-MW glycoconjugate, which, on being excreted in the exocellular environment in vivo, may interfere with the host defense mechanisms and eventually influence the course of infection.
